The influence of urban design on neighbourhood walking following residential relocation : longitudinal results from the RESIDE study by Giles-Corti, Billie et al.
	 	
	
 
 
 
This is the authors’ final peer reviewed (post print) version of the item 
published as:  
 
Giles-Corti, Billie, Bull, Fiona, Knuiman, Matthew, McCormack, Gavin, Van Niel, 
Kimberly, Timperio, Anna, Christian, Hayley, Foster, Sarah, Divitini, Mark, 
Middleton, Nick and Boruff, Bryan 2013, The influence of urban design on 
neighbourhood walking following residential relocation : longitudinal results 
from the RESIDE study, Social science and medicine, vol. 77, pp. 20-30. 
 
 
 
 
 
 
 
Available from Deakin Research Online: 
 
http://hdl.handle.net/10536/DRO/DU:30052761	
	
	
	
	
	
 
 
 
Reproduced with the kind permission of the copyright owner 
 
 
 
 
 
 
 
Copyright: 2013, Elsevier	
1 
 
 
 
Evaluation of a natural experiment of the impact of a new urban planning 
code on walking: Longitudinal results from RESIDE  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
 
ABSTRACT 
Objective: 
To examine whether people moving into a housing development designed according to a state 
government ‘Liveable Neighborhoods’ sub-division code engage in more walking than 
people who move to other types of developments.  
Methods: 
A natural experiment of 1813 people building homes in 73 new housing developments in 
Perth, Western Australia were surveyed before, then 12 and 36 months after moving. Self-
report walking was measured using the Neighborhood Physical Activity Questionnaire. 
Perceptions of the environment and self-selection factors were collected. Objective measures 
of the built environment were calculated using GIS. 
Results: 
After relocation, participants in Liveable compared with Conventional developments had 
greater street connectivity, residential density, land use mix and access to destinations and 
more positive perceptions of their neighborhood (all p<0.05). However, there were no 
significant differences in walking over time by type of development (p>0.05). 
Conclusions: 
Implementation of the ‘Liveable Neighborhoods’ code produced more supportive 
environments, however the level of intervention was insufficient to encourage more walking. 
Evaluations of new urban planning policies need to incorporate longer term follow-up to 
allow time for new neighborhoods to develop.   
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INTRODUCTION  
The impact of urban planning on health is well recognized,1,2 however recent trends in 
physical inactivity, sedentary lifestyles and obesity have placed a significant focus on the 
need for better evidence to guide future urban planning and policy to support active living.3 
Furthermore, global population growth combined with an estimated 80% of people living in 
urban centers4 means that there is increased pressure on the need to build and regenerate 
cities so that they are health promoting. The recent United Nations General Assembly 
resolution on the Prevention and Control of Non-Communicable Diseases (NCD) identified 
physical inactivity as one of the four leading risk factors for NCD’s.5 Solutions recommended 
to combat physical inactivity included environmental changes related to urban planning, 
active transportation, parks and recreational spaces.5 Indeed, the need for urban design 
policies and planning regulations that support and encourage walking is recommended across 
sectors, including public health, transport and planning.6-8 Nevertheless, most studies 
underpinning recommendations to date are cross-sectional and very few have examined the 
impact of environmental change on walking.9,10  
 
There are few evaluations of policies designed to increase active living.11-14 Studies of the 
impact of changes to community design and transport infrastructure are difficult to design, 
and randomized controlled trials are not feasible. Thus, there have been calls for evaluations 
of ‘natural experiments’ involving new transport (e.g., congestion charging) or urban design 
(e.g., Home Zones) policies11,15-18 with the aim of studying their impact on physical activity. 
A unique opportunity to evaluate a natural experiment of this type presented itself in 1998 
when the Western Australian Department of Planning began trialing a new community design 
code aimed at increasing local walking and cycling.  
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The Liveable (LN) Neighborhoods Guidelines19 are essentially a local interpretation of new 
urbanism.20,21 New urbanism (or ‘neo-traditional planning) evolved as a response to the 
conventional suburban sprawl thought responsible for a range of negative consequences, 
including car dependence, pollution and traffic congestion. New urbanism combines elements 
of traditional housing design in walkable, mixed-use neighborhoods, as opposed to the low 
densities and curvilinear street layouts that characterize conventional suburbs.22 The LN 
Guidelines incorporate four design elements aimed at increasing local walking and cycling: 
(1) community design (e.g., mix of lot size, mixed use planning); (2) movement network 
(e.g., interconnected street networks, access to public transport, traffic calming); (3) public 
parkland (e.g., balance between neighborhood parks and larger playing fields); and (4) lot 
layout (e.g., to maximize surveillance of streets and parks, increased densities around public 
transport and activity centers). The aim of this study was to examine whether people moving 
into a housing development designed according to the LN Guidelines engaged in more 
walking than people who move to other types of developments and examine differences in 
the built environment features of development types and changes in walking.  
 
METHODS  
Sample and data collection 
The RESIDential Environments Project (RESIDE) commenced in 2003, and is a longitudinal 
natural experiment of 1813 people building homes in 73 new housing developments across 
metropolitan Perth, Western Australia (Appendix A).  
 
The Western Australian Department of Planning classified 18 of the housing developments as 
‘Liveable’ (i.e., complying with most of the LN Guidelines), 11 as ‘Hybrid’ (i.e., complying 
with some but not all of the LN Guidelines) and 44 ‘Conventional’ (i.e., conventional 
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development that did not comply with the LN Guidelines).23 Conventional developments 
were matched to Liveable and Hybrid developments using three criteria: stage of 
development (percent vacant land), block value (indicator of socioeconomic status), and 
proximity to the ocean.  
 
Details of participant recruitment procedures have been reported elsewhere.23 Briefly, 
potential participants moving to each development were identified and invited to participate 
by the state water authority following the land transfer transaction. The following eligibility 
criteria were applied: English proficiency; 18 years; intention to relocate by December 
2005; and willingness to complete a survey three times over four years. Participants were 
recruited by telephone and one person from each household randomly selected.  
 
Participants were surveyed three times, each in the same season: before relocation (T1 - 
n=1813); then approximately 12 (T2 - n=1467), and 36 (T3 - n=1230) months after 
relocation. The main results presented here are based on the 1, 047 participants who provided 
complete data at all three time points (T1, T2 and T3). 
 
Measures 
Walking 
Participants reported the duration of recreational and transport walking undertaken: 1) within; 
and 2) outside their neighborhood (defined as a 15 minute walk from their home) over a usual 
week using the Neighborhood Physical Activity Questionnaire (NPAQ).24 The NPAQ has 
been shown to have acceptable reliability.24 Changes in total weekly minutes of recreational, 
transport and total walking within the neighborhood from T1 to T2, T2 to T3 and T1 to T3 
were calculated. 
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Neighborhood environment perceptions 
Perceptions of the neighborhood environment were based on the Neighborhood Environment 
and Walking Scale25 and included: access to mixed use services, street connectivity, cul de 
sacs present, traffic safety, traffic slowing devices present, crime safety and neighborhood 
aesthetics. Consistent with the ‘Liveable Neighborhoods’ Guidelines an additional item was 
added: ‘On most streets in my local area there are footpaths on both sides of the streets’. 
Participant’s also self-reported access to transport, retail, recreation and total destinations 
within the neighborhood (≤20min walk from home).25 
 
Objective measures of the neighborhood environment 
At each time point objective built environment measures were generated using a Geographic 
Information System (GIS) and included street connectivity,26 residential density26 and land 
use mix.27 Separate measures of land use mix tailored to capture recreation and transport-
related walking have been developed and details of these measures reported elsewhere.27 The 
walkable service area was defined by a 15 minute walk (1.6 km) street network buffer.23 The 
count of different types of services (dry cleaner, post office, pharmacy, CD/DVD/video 
store), convenience goods (deli, general store, supermarket, green grocer, seafood shop, 
petrol station shop, other food shop, shopping centre), public open space destinations (park, 
sports field, beach), and public (bus and train) transport stops within a 1600m service area of 
participant’s homes was calculated. 
 
 
Self-selection 
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At T1, participants rated the importance of 21 reasons that may have influenced their choice 
of new housing development.23 Factor analysis revealed five underlying selection factors 
(Streets are pedestrian and cycling friendly; Access to services, jobs and/or place of study; 
Access to school; Close to parks and recreational facilities; Safe, diverse and easy living 
community) accounting for 42% of the variance.23 These variables were used to control for 
self-selection for choice of new neighborhood.  
 
Statistical analysis 
Data were analyzed using SAS v9.3.28 Chi square analyses were used to examine the 
univariate association between development type and categorical variables: socio-
demographic factors (gender, marital status, education level, children at home); self-selection 
factors; access to destinations (services, convenience goods and public open space); and 
public transport. F-tests from a general linear model were used to examine the univariate 
association between development type and continuous variables: age; transport and 
recreational walking; perceptions of the built and social environment; and objective measures 
of street connectivity, residential density and land use mix. General linear models were also 
used to examine the association between type of development and mean weekly minutes of 
neighborhood transport, recreational and total walking for each time point (T1, T2 and T3) 
and change in mean weekly minutes of neighborhood transport, recreational and total 
walking between time points (T1-T2, T2-T3 and T1-T3). These models were adjusted for 
baseline age, gender, education level, marital status, children at home, baseline minutes of 
recreational, transport or total walking, self-selection factors for choice of new neighborhood 
and clustering within development.  
 
RESULTS 
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Table 1 shows the characteristics at baseline (T1) before relocation of the 1047 participants 
who completed all three surveys. The mean age of participants was 42 years, 61% were 
female, 83% were married or in a de facto relationship, 72% had children (mean age 7.6 
years) and 23% had a bachelor degree or higher level of education. Socio-demographic 
factors at baseline (T1) did not differ significantly across type of development. 
 
Reasons for the choice of new residential neighborhood were assessed as a source of potential 
self selection bias (Table 1). A significantly greater proportion of participants moving into 
Liveable compared with Hybrid or Conventional developments rated the following features 
as important or very important (all p<0.05): the presence of pedestrian and cycling friendly 
streets; access to services, jobs and place of study; close to parks and recreational facilities; a 
safe, diverse and easy living community.  
_______________________________ 
Insert Table 1 about here 
_______________________________ 
The (unadjusted) mean minutes/week of neighborhood transport and recreational walking at 
each time point for those who completed all three time points (T1+T2+T3) was very similar 
(p>0.05) to those who only: (a) completed the first time point (T1) and (b) completed two 
time points (T1 + T2). This indicates there was no attrition bias with respect to walking 
behavior for the group who completed all three time points (T1+T2+T3) (Appendix B).  
 
Perceived environment 
Table 2 shows neighborhood perceptions at baseline (T1) and following relocation at 12 (T2) 
and 36 months (T3). With two exceptions, there was little difference at baseline on any of the 
neighborhood characteristics by type of development to which participants were relocating to 
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at T2. A greater proportion of participants moving into Liveable compared with Conventional 
developments agreed that their baseline neighborhood was safer from crime (p=0.040) and 
had traffic slowing devices present (p=0.015).  
 
However, at both 12 (T2) and 36 months (T3) participants residing in Liveable compared 
with Conventional developments had more positive perceptions of their new neighborhood’s 
characteristics (Table 2). For example, a significantly greater proportion of participants in 
Liveable developments agreed that they had access to mixed use services, infrastructure and 
safety for walking, footpaths on both sides of the street and an aesthetically pleasing 
neighborhood compared with participants in Conventional developments (all p<0.05). 
Moreover, participants in Liveable developments reported access to more local retail (at both 
T2 and T3), recreational (at T3), transport (at T3) and destinations overall (at T3) compared 
with participants in Conventional developments (all p<0.05).  
_______________________________ 
Insert Table 2 about here 
_______________________________ 
 
Objectively measured environment 
In contrast to self-report measures, objectively measured baseline (T1) neighborhood 
characteristics varied between participants moving into different types of developments 
(Table 3). Greater street connectivity and residential density, but not land use mix, was 
evident at baseline for those moving into Liveable compared with Conventional 
developments (p<0.001). Objective measures of the new neighborhoods at T2 and T3 showed 
that compared with Conventional developments, participants residing in Liveable 
developments had neighborhoods with significantly more street connectivity, residential 
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density and land use mix (all p<0.001). At T3, they also had neighborhoods with greater land 
use mix designed to encourage recreational walking (i.e., more public open space) (p<0.001).  
 
Table 3 shows access to destinations by type of development. At 36 months post relocation 
(T3), significantly more participants in Liveable compared with Conventional developments 
had access to local services, convenience goods, and public open space, and access to a 
greater number of local public transport stops (p<0.001). However, notably at T3, 60% of 
participants of Liveable developments had no access to service destinations (e.g., dry cleaner, 
post office, pharmacy or CD/DVD/video store) and 71% had no access to destinations for 
daily living (e.g., general store, supermarket, green grocer, seafood shop, petrol station shop, 
other food shop or shopping centre) within 1600m of home. In contrast only 4% had no 
access to public open space. Nevertheless, almost all participants of Liveable developments 
had access to one public transport stop within their neighborhood, however less than 1% had 
access to two public transport stops. Across all development types, the majority of 
neighborhood public transport stops were bus (≥99.3%) rather than train stops. 
_______________________________ 
Insert Table 3 about here 
_______________________________ 
 
Changes in walking behavior 
Table 4 shows the adjusted mean minutes of walking undertaken by neighborhood type at 
each time point and the changes over time. Overall transport walking decreased by 8 mean-
minutes/week between T1 to T2 (p<0.001) but increased by 7 mean-minutes/week between 
T2 and T3 (p<0.001) for a net non-significant decrease of 1 mean-minute/week between T1 
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and T3 (p=0.507). There were no significant differences in means minutes of transport 
walking by development type at any time point or for any change across time points.  
 
Overall, recreational walking increased by 17 mean-minutes/week between T1 to T2 
(p<0.001) and remained stable between T2 and T3 (p=0.516) for a net significant increase of 
20 mean-minutes/week between T1 and T3 (p<0.001). Participants moving to Hybrid 
developments reported significantly less recreational walking (p=0.022) at T1 (prior to 
relocation), however there were no other significant differences in recreational walking 
across the development types at any time point, and the mean differences did not vary over 
time.  
 
Overall, total walking increased by 9 mean-minutes/week between T1 to T2 (p<0.01) and 
increased further by 9 mean-minutes/week between T2 and T3 (p>0.05) for a net significant 
increase of 18 mean-minutes/week between T1 and T3 (p<0.001). All of this gain, was 
derived from increases in recreational walking following relocation. Recreational and total 
walking increased significantly for participants in Liveable and Hybrid developments, but 
there was no significant intervention effect compared with participants in Conventional 
developments due to higher baseline levels of walking in this group.  
_______________________________ 
Insert Table 4 about here 
_______________________________ 
 
DISCUSSION 
Small to modest significant differences were observed in objective measures and perceptions 
of the neighborhood environment over time by type of development. Participants residing in 
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Liveable compared with Conventional developments had significantly greater street 
connectivity, residential density and land use mix as well as access to a greater number of 
different types of destinations and more positive perceptions of their neighborhood. However, 
after adjusting for baseline walking, socio-demographic, clustering and self-selection factors, 
there were no significant differences in change in mean minutes of neighborhood total, 
transport or recreational walking over time by type of development.  
 
These findings suggest that the new housing developments designed according to the 
‘Liveable Neighborhoods’ code were generally more supportive of walking in terms of more 
connectivity, residential density and land use mix. This confirms that it is possible to use 
policy to create pedestrian-friendly environments. However, the level of intervention 
appeared insufficient to encourage significantly more walking in Liveable developments 
compared with other developments. On average, participants living in Liveable and Hybrid 
developments had a larger (but non-significant) increase in walking over time than 
participants in Conventional developments (26-27 vs. 10 mins/week). This is likely to be due 
to the higher baseline levels of walking observed in participants moving to Conventional 
developments. After relocating, walking levels of participants in Liveable and Hybrid 
developments appeared to increase and become similar to those living in Conventional 
developments. It is possible that the level of infrastructure observed in Liveable 
developments (e.g., public transport stops, access to services, food outlets or a combination of 
these features) did not reach a sufficiently high enough threshold to cause walking levels to 
exceed those of residents of Conventional developments. However, given the early stage of 
development, the infrastructure continues to evolve and, over time, that threshold may be 
met. Nevertheless, little is known about the threshold of interventions required to bring about 
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behavior change and this warrants further investigation, along with an assessment of the 
quality of those interventions.  
 
Notably, RESIDE involves people currently living in a broadly scattered pattern across the 
whole of the Perth metropolitan area moving to new ‘greenfield’ housing developments 
mostly located on the fringe of the Perth metropolitan area. On average participants moved to 
lower residential density neighborhoods with significantly less access to different types of 
destinations than their baseline neighborhood. This decrease in neighborhood amenity after 
relocation may explain the observed decrease in transport walking since residential density 
and access to destinations are consistently found to be associated with transport walking.7,29,30 
Nevertheless, new neighborhoods take time to develop and these results highlight that for 
evaluations of new urban planning policies, longer-term follow up is paramount. 
 
Another plausible explanation for  the non-significant changes in minutes of walking over 
time between development types is that the ‘Liveable Neighborhoods’ code has not been 
fully implemented. Less than 1% of participants in Liveable developments had access to two 
public transport stops in their neighborhood and 60-70% had no access to service or 
convenience good destinations within 1600m of their home. This suggests that key aspects of 
the ‘Liveable Neighborhoods’ code19 related to community design (mixed use planning) and 
the movement network (access to public transport) are yet to be realized. In contrast, 
irrespective of development type all participants had good access to public open space and 
this may explain why overall recreational walking increased after relocation, and there were 
no observed significant differences in recreational walking over time by type of development. 
Since the 1950s, the Western Australia state government has mandated that 10% of land in 
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new housing developments be allocated to public open space,31 which likely explains these 
findings.  
 
Overall, these results indicate that people’s behavior changes in response to a changing 
environment, highlighting the importance of planning policies on health. However, 
comprehensive evaluations of the level of implementation is required to study the impact of 
new planning codes. This would provide information on the extent to which the policy has 
been implemented as intended, also known as intervention fidelity.32 Importantly, it is 
recommended that future natural experiments incorporate a comprehensive process 
evaluation to assess the ‘dose’ of intervention implemented.33,34 
 
There are few examples of the evaluation of policies and their effect on walking behavior, 
although the need for such studies has been identified.13,35 Evaluation of these policies can 
provide an early warning system if the policy is ineffective, not being optimized18,35 or 
produces unintended negative consequences. Importantly, it can provide information on when 
to tighten policy either because the policy is not being implemented as intended or it is taking 
longer than expected to be implemented. However, at the time this evaluation was undertaken 
the ‘Liveable Neighborhoods’ code was a voluntary guideline and not a formal mandated 
policy. Thus, features of the code that were harder and more costly to implement (e.g., land 
use mix) may not have been fully incorporated, or, as we have identified, not incorporated 
within the timeframe of this study. The results of this study provide preliminary evidence 
suggesting that some but not all planning design features of the ‘Liveable Neighborhoods’ 
code were implemented by 36 months follow-up. However, the policy’s impact on resident’s 
walking behavior is less clear. While study participants’ walking behaviors changed in 
response to a changing environment, the level of intervention in Liveable developments was 
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insufficient to increase residents’ behavior more than other developments. Thus, longer term 
follow up is warranted of both participants and their neighborhoods to assess the extent to 
which all features of the ‘Liveable Neighborhood’ code are implemented and its impact on 
walking behaviors. This would assist in strengthening the ‘Liveable Neighborhoods’ code 
prior to it being mandated as statewide urban design planning policy. 
 
This study highlights the potential value of incentives to reduce time frames for the delivery 
of infrastructure in new neighborhoods. For example, the ‘Liveable Neighborhoods’ code 
provides developers with a 2% dispensation on the amount of public open space required in 
new areas if they agree to develop and maintain the public open space during the 
establishment phase of the development. Given the time taken for businesses to develop in 
greenfield developments, it may be possible to incentivize business development. These 
incentives might include reduced land tax or council rates, temporary buildings to house 
essential social infrastructure such as schools, child care and supermarkets, so as to facilitate 
and support the early establishment of local services, businesses selling goods for daily living 
and local employment opportunities which  are critical features of  planning codes designed 
to encourage local walking and cycling. 
 
Study Limitations 
As identified by this study, time is required for all neighborhood features to be implemented 
and long-term follow-up of residents is essential. While randomized controlled trials are the 
gold-standard for intervention research, randomization is rarely possible for evaluations of 
built environment interventions. Best practice study designs for natural experiments are now 
being proposed to strengthen the evidence from such studies and permit their use in 
systematic reviews.36 Our findings are limited to new home buyers moving into urban fringe 
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greenfield developments. This was unavoidable given that RESIDE involved evaluating a 
new sub-division design code. There is inevitable drop-out of participants in longitudinal 
studies. However, we found no evidence of attrition bias in comparisons of walking behavior 
due to participant drop-out. Finally, the limitations of self-report physical activity measures 
are well documented.37 
 
Conclusion 
The introduction of new urban and transportation policies provides opportunities for natural 
experiments evaluating their impact on health-related outcomes. Our findings suggest that 
implementation of the ‘Liveable Neighborhood Guidelines’ code has had a more positive 
effect on the neighborhood environment of residents in Liveable compared with 
Conventional developments however over a period of three years it is possible that the level 
of intervention was insufficient to significantly impact walking behavior. This study 
highlights that future natural experiments of urban planning policies need to incorporate long-
term follow up to allow time for new neighborhoods to develop and should consider process 
evaluation to monitor policy-implementation and fidelity.   
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Table 1: Socio-demographic characteristics and self-selection factors of participants at baseline before 
relocation by chosen type of development for new residence. 
 
 
Variable 
Liveable 
development
(n = 299) 
Hybrid 
development
(n = 220) 
Conventional
development
(n = 528) 
All 
participants 
(n = 1,047) 
 
Overall 
p-value 
% female 62.9 62.7 59.7 61.2 0.578 
Mean age (SD) 42.2 (12.2) 40.4 (11.8) 41.9 (11.6) 41.7 (11.8) 0.206 
Marital status (%)     0.221 
    Married/de facto 79.9 82.7 85.4 83.3  
    Separated/divorced/widowed 10.7 7.3 7.8 8.5  
    Single 9.4 10.0 6.8 8.2  
Education level (%)     0.142 
    Secondary or less 32.4 40.9 39.0 37.5  
    Trade/apprenticeship/certificate 40.5 36.8 40.2 39.5  
    Bachelor degree or higher 27.1 22.3 20.8 22.9  
% with children at home 71.2 69.1 74.4 72.4 0.220 
Mean age of children at home (SD) 7.8 (4.9) 6.5 (4.6) 7.8 (5.0) 7.6 (4.9) 0.051 
Self-selection factors1:      
    Streets are pedestrian and cycling friendly 72.6 68.6 64.0 67.4 0.038 
    Access to services/jobs/place of study 54.8 48.2 42.0 47.0 0.002 
    Access to school 57.5 59.1 60.8 59.5 0.648 
    Close to parks and recreational facilities 75.9 60.0 63.1 66.1 <0.001 
    Safe, diverse, easy living community 86.0 85.5 78.4 82.0 0.008 
1Percent perceive as important/very important 
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Table 2: Perceptions of neighborhood environment at baseline (T1) and in new neighborhood at T2 and T3 by 
type of development. 
 
Neighborhood environment 
perception: 
Liveable 
development 
(n = 299) 
Hybrid 
development
(n = 220) 
Conventional
development
(n = 528) 
All 
participants 
(n = 1,047) 
 
Overall 
p-value 
Liveable vs.
Conventional
p-value 
Access to mixed use services1        
 T1 47.5 43.3 45.9 45.8 0.642 0.663 
 T2 29.8 12.9 21.6 22.1 <0.001 0.009 
 T3 41.5 23.0 25.8 29.7 <0.001 <0.001 
Street connectivity1        
 T1 33.2 33.3 34.0 33.7 0.966 0.812 
 T2 45.4 44.4 43.3 44.1 0.833 0.552 
 T3 45.8 50.9 44.4 46.2 0.269 0.712 
Not many cul de sacs present2        
 T1 28.1 30.6 25.8 27.4 0.396 0.463 
 T2 44.4 65.3 48.5 50.8 <0.001 0.265 
 T3 47.8 56.9 46.5 49.1 0.032 0.730 
Infrastructure and safety for 
walking1  
      
 T1 26.2 13.3 24.0 22.4 0.001 0.478 
 T2 40.3 14.2 21.1 25.1 <0.001 <0.001 
 T3 35.6 13.8 17.3 21.8 <0.001 <0.001 
Footpaths present on both 
sides of road2  
      
 T1 16.8 11.0 15.8 15.1 0.158 0.708 
 T2 30.5 15.1 9.9 16.9 <0.001 <0.001 
 T3 32.2 17.9 8.4 17.2 <0.001 <0.001 
Traffic safety1        
 T1 54.4 53.2 59.3 56.6 0.201 0.167 
 T2 75.5 69.7 72.6 72.8 0.341 0.367 
 T3 65.4 72.0 70.2 69.2 0.221 0.162 
Traffic slowing device 
present2  
      
 T1 47.7 40.4 39.0 41.7 0.047 0.015 
 T2 54.4 51.4 52.1 52.6 0.757 0.530 
 T3 50.0 48.2 48.5 48.8 0.892 0.675 
Crime safety1        
 T1 54.0 45.4 46.6 48.5 0.072 0.040 
 T2 73.2 78.4 72.1 73.7 0.191 0.734 
 T3 67.1 72.5 68.8 69.1 0.420 0.613 
Neighborhood aesthetics1        
 T1 47.5 40.7 45.4 45.1 0.305 0.569 
 T2 70.2 68.5 62.5 66.0 0.055 0.026 
 T3 58.9 53.2 49.2 52.8 0.029 0.008 
Transport destinations3       
 T1 6.4 (4.3) 6.0 (4.1) 6.2 (4.0) 6.2 (4.1) 0.446 0.472 
 T2 4.2 (3.8) 2.5 (2.4) 3.8 (3.5) 3.6 (3.5) < 0.001 0.133 
 T3 5.4 (4.3) 3.8 (3.2) 4.2 (3.7) 4.5 (3.8) < 0.001 <0.001 
Retail destinations3       
 T1 3.8 (3.2) 3.5 (3.0) 3.6 (3.1) 3.6 (3.1) 0.354 0.293 
 T2 2.2 (2.7) 0.8 (1.7) 1.8 (2.7) 1.7 (2.6) < 0.001 0.013 
 T3 2.9 (3.1) 1.5 (2.5) 2.0 (2.8) 2.2 (2.9) < 0.001 <0.001 
Recreation destinations3       
 T1 2.5 (1.1) 2.3 (1.1) 2.4 (1.1) 2.4 (1.1) 0.282 0.590 
 T2 2.4 (1.0) 2.3 (0.9) 2.3 (0.9) 2.3 (1.0) 0.534 0.292 
 T3 2.7 (1.0) 2.4 (0.9) 2.3 (1.0) 2.4 (1.0) < 0.001 <0.001 
Total destinations3       
 T1 8.9 (4.7) 8.3 (4.5) 8.7 (4.4) 8.7 (4.5) 0.314 0.435 
 T2 6.5 (4.2) 4.8 (2.8) 6.1 (4.0) 6.0 (3.9) < 0.001 0.112 
 T3 8.1 (4.8) 6.2 (3.6) 6.5 (4.2) 6.9 (4.3) < 0.001 <0.001 
T1= time point 1 (baseline); T2= time point 2 (12 months after moving); T3=time point 3 (36 months after moving) 
1 Multiple item scale (% with a mean >3.5 on a 5-point Likert scale: strongly disagree to strongly agree); 2 Single item (% agree/strongly agree);  
3 Mean (Standard Deviation) number of destinations ≤20min walk from home 
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Table 3: Connectivity, residential density, land use mix and access to types of destinations and public transport 
across time by type of development. 
 Liveable 
development 
(n = 299) 
Hybrid 
development 
(n = 220) 
 
Conventional
development 
(n = 528) 
All 
participants 
(n = 1,047) 
 
Overall 
p-value 
Liveable vs. 
Conventional
p-value 
Connectivity 
   [mean z-score (SD)] 
      
 T1 0.283 (1.144) -0.224 (0.835) -0.067 (0.940) 0.000 (1.000) <0.001 <0.001
 T2 2.014 (1.858) 0.115 (0.680) 0.267 (0.965) 0.734 (1.486) <0.001 <0.001
 T3 2.371 (1.843) 0.572 (0.899) 0.571 (0.937) 1.085 (1.497) <0.001 <0.001
Residential density 
[mean z-score (SD)] 
      
 T1 0.284 (1.471) -0.175 (0.665) -0.088 (0.715) 0.000 (1.000) <0.001 <0.001
 T2 0.093 (0.527) -0.518 (0.472) -0.445 (0.535) -0.307 (0.578) <0.001 <0.001
 T3 0.227 (0.453) -0.265 (0.296) -0.167 (0.441) -0.075 (0.462) <0.001 <0.001
Land use mix  
(transport walking) 
[mean z-score (SD)] 
      
 T1 0.041 (1.077) 0.032 (1.007) -0.037 (0.951) 0.000 (1.000) 0.488 0.284 
 T2 -0.274 (0.953) -0.704 (0.989) -0.492 (0.821) -0.474 (0.909) <0.001 0.001
 T3 -0.313 (0.682) -1.201 (0.579) -0.693 (0.668) -0.691 (0.723) <0.001 <0.001
Land use mix 
(recreational walking) 
[mean z-score (SD)] 
      
 T1 0.042 (1.072) -0.012 (0.999) -0.019 (0.959) 0.000 (1.000) 0.691 0.404 
 T2 -0.256 (0.966) -0.432 (1.189) -0.139 (0.827) -0.234 (0.959) <0.001 0.090 
 T3 -0.263 (0.657) -0.846 (0.680) -0.470 (0.702) -0.490 (0.714) <0.001 <0.001
Count of type of 
services1 (%) 
      
T1:                  0 29.1 35.9 35.2 33.6 0.457 0.242 
  1 27.4 22.7 26.3 25.9   
  2 18.7 19.1 18.4 18.6   
                             3+ 24.7 22.3 20.1 21.9   
T2  0 61.2 92.3 56.3 65.2 < 0.001 <0.001 
  1 6.0 5.9 24.6 15.4   
  2 16.7 0.0 10.6 10.1   
                             3+ 16.1 1.8 8.5 9.3   
T3  0 59.9 92.3 57.2 65.3 < 0.001 <0.001 
  1 9.4 0.5 23.3 14.5   
  2 16.1 5.5 11.2 11.4   
                             3+ 14.7 1.8 8.3 8.8   
Count of type of 
convenience goods2 (%) 
      
T1  0 25.8 25.0 23.1 24.3 0.016 0.019 
  1 16.1 24.5 24.8 22.3   
  2 13.7 18.6 14.8 15.3   
                             3+ 44.5 31.8 37.3 38.2   
T2  0 59.5 94.5 66.3 70.3 < 0.001 0.144 
  1 18.1 1.8 13.6 12.4   
  2 8.4 3.2 9.1 7.6   
                             3+ 14.0 0.5 11.0 9.6   
T3  0 70.9 84.5 55.7 66.1 < 0.001 < 0.001 
  1 11.0 12.3 21.6 16.6   
  2 2.0 2.7 12.1 7.3   
                             3+ 16.1 0.5 10.6 10.0   
Count of type of public 
open space3 (%) 
      
T1  0 0.3 1.8 1.1 1.1 0.050 0.072 
  1 76.9 84.1 81.8 80.9   
                             2+ 22.7 14.1 17.0 18.1   
T2  0 4.7 4.5 2.5 3.5 < 0.001 < 0.001 
  1 75.6 93.6 89.6 86.4   
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                             2+ 19.7 1.8 8.0 10.0   
T3  0 4.0 4.5 2.1 3.2 < 0.001 < 0.001 
  1 75.9 93.6 90.0 86.7   
                             2+ 20.1 1.8 8.0 10.1   
Number of public 
transport stops4 (%) 
      
T1  0 1.0 1.8 0.9 1.1 0.883 0.988 
  1 89.6 88.6 90.0 89.6   
  2 9.4 9.5 9.1 9.3   
T2  0 0 0 4.0 2.0 < 0.001 < 0.001 
  1 99.3 100.0 96.0 97.8   
  2 0.7 0 0 0.2   
T3  0 0 0 4.4 2.2 < 0.001 < 0.001 
  1 99.3 100.0 95.6 97.6   
  2 0.7 0 0 0.2   
T1= time point 1 (baseline); T2= time point 2 (12 months after moving); T3=time point 3 (36 months after moving); z-score=based on standardized 
values; SD=standard deviation;  
1 Count of different types of services: dry cleaner, post office, pharmacy, CD/DVD/video store within 1600m;  
2 Count of different types of convenience goods: deli, general store, supermarket, green grocer, seafood shop, petrol station shop, other food shop, 
shopping centre within 1600m;  
3 Count of different types of public open space: park, sports field, beach access within 1600m;  
4 Number of bus stops and railway stations within 1600m. 
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Table 4: Adjusted1 mean minutes and mean differences (SE) for neighborhood transport, recreational and total 
walking/week by type of development. 
 Liveable 
development 
(n = 299) 
Hybrid 
development 
(n = 220) 
Conventional 
development 
(n = 528) 
 
All participants 
(n = 1,047) 
 
Overall 
p-value 
Liveable vs.
Conventional
p-value  
Transport Walking 
Mean (SE) 
  
 T1 25.5 (3.2) 22.7 (3.6) 28.1 (2.4) 26.2 (1.7) 0.453 0.509 
 T2 15.2 (2.9) 17.0 (3.4) 19.6 (2.2) 17.9 (1.5) 0.473 0.234 
 T3 25.6 (4.1) 20.9 (4.8) 25.7 (3.1) 24.8 (2.1) 0.677 0.984 
Mean difference (SE)   
 T1T2 -10.8 (2.8)*** -8.4 (3.2) -7.0 (2.1)*** -8.3 (1.5)*** 0.564 0.285 
 T2T3 9.1 (3.8)** 3.6 (4.3) 7.0 (2.8) 6.9 (2.0)*** 0.634 0.643 
 T1T3 -0.4 (4.0) -4.3 (4.6) -0.9 (3.0) -1.4 (2.1) 0.780 0.920 
Recreational Walking 
Mean (SE) 
  
 T1 65.9 (5.6) 56.9 (6.4) 77.3 (4.2) 69.6 (2.9) 0.022 0.104 
 T2 84.5 (6.2) 79.8 (7.2) 91.4 (4.7) 87.0 (3.3) 0.359 0.380 
 T3 95.1 (9.1) 94.5 (10.5) 86.2 (6.5) 89.9 (4.6) 0.660 0.429 
Mean difference (SE)   
 T1T2 16.6 (5.7)** 16.0 (6.6)*** 18.1 (4.2)*** 17.3 (3.0)*** 0.955 0.828 
 T2T3 9.3 (8.8) 10.2 (10.1) -2.3 (6.2) 2.9 (4.5) 0.415 0.279 
 T1T3 26.3 (8.8)*** 30.9 (10.2)* 12.6 (6.2) 19.6 (4.6)*** 0.222 0.210 
Total Walking 
Mean (SE) 
  
 T1 91.4 (6.8) 79.6 (7.9) 105.4 (5.1) 95.8 (3.6) 0.017 0.102 
 T2 99.8 (7.0) 96.8 (8.1) 111.1 (5.2) 104.9 (3.7) 0.233 0.198 
 T3 121.2 (10.2) 114.1 (11.8) 111.6 (7.4) 114.5 (5.3) 0.750 0.449 
Mean difference (SE)   
 T1T2 5.7 (6.4) 7.6 (7.4)* 11.2 (4.8) 9.0 (3.4)** 0.780 0.500 
 T2T3 19.3 (9.5)* 13.2 (11.0) 3.8 (6.8) 9.6 (5.0) 0.401 0.190 
 T1T3 27.4 (9.3)*** 26.2 (10.8) 10.5 (6.8) 18.1 (4.9)*** 0.251 0.147 
SE=standard error; *p≤0.05; **p≤0.01; ***p≤0.001 
T1= time point 1 (baseline); T2= time point 2 (12 months after moving); T3=time point 3 (36 months after moving); T1T2=change between time 
points 1 and 2; T1T3=change between time points 1 and 3; T2T3=change between time points 2 and 3 
1Adjusted for baseline age, gender, education level, marital status, children at home, baseline minutes of recreational, transport or total walking, self-
selection factors for choice of new neighborhood and clustering.  
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Appendix A 
 
FIGURE 1-RESIDE participant’s baseline home location. 
 
FIGURE 2-Housing developments RESIDE participants relocated to. 
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Appendix B 
 
Unadjusted mean minutes/week (SD) of transport and recreational walking for participants 
grouped by number of time points completed and type of development. 
 
 
Cohort group 
Walking 
(transport and 
recreation) at 
each time point 
Liveable 
development 
Mean 
mins/week (SD) 
Hybrid 
development 
Mean 
mins/week (SD) 
Conventional 
development 
Mean 
mins/week (SD) 
 
All participants 
T1  n = 537 n = 356 n= 920 n = 1,813 
T1+T2  n = 415 n = 288 n= 717 n = 1,420 
T1+T2+T3  n = 299 n = 220 n= 528 n = 1,047 
      
T1 WT at T1  28.7 (63.0) 21.1 (37.1) 26.9 (60.6) 26.3 (57.6) 
T1+T2 WT at T1  30.3 (67.4) 21.6 (38.0) 26.3 (57.9) 26.5 (57.6) 
T1+T2+T3 WT at T1 25.9 (50.9) 22.7 (39.9) 27.9 (60.8) 26.2 (54.2) 
T1+T2 WT at T2  18.5 (44.2) 16.0 (38.4) 18.5 (54.2) 18.0 (48.5) 
T1+T2+T3 WT at T2  16.0 (37.8) 16.4 (36.7) 19.5 (58.2) 17.9 (49.0) 
T1+T2+T3 WT at T3 26.5 (66.2) 21.1 (54.8) 25.3 (75.3) 24.7 (68.8) 
      
T1 WR at T1  70.8 (104.4) 55.8 (87.0) 70.3 (97.9) 67.6 (98.0) 
T1+T2 WR at T1  73.2 (106.5) 56.8 (87.7) 71.4 (99.4) 69.0 (99.5) 
T1+T2+T3 WR at T1  70.4 (104.4) 55.5 (84.9) 75.4 (100.4) 69.8 (98.7) 
T1+T2 WR at T2  86.5 (119.4) 77.3 (102.6) 86.2 (106.2) 84.5 (109.5) 
T1+T2+T3 WR at T2  88.9 (120.6) 77.6 (103.2) 89.9 (106.6) 87.0 (110.1) 
T1+T2+T3 WR at T3  100.2 (136.4) 90.4 (147.4) 84.1 (118.9) 90.0 (130.4) 
SD=standard deviation; T1= time point 1 (baseline); T2= time point 2 (12 months after moving); T3=time point 3 (36 
months after moving); WT= Walking for Transport; WR=Walking for Recreation 
 
 
 
